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STABILISATION OF LIQUID METAL ELECTROL YTK SYSTEMS 



Field of the Invcntioa 

The inveation relates to liquid metal electrolyte systems and is dfipedally, "Biou^ 
not exclusively, applicable to improving the efficiency and xeduoing the operating 
co$t$ of modern-day aluminium reduction cells. 

5 RBview of the Art cuffentiv known to the Applicants 

The invcmtion will be exemplifiedj, and will subsequenfly be described and 
illustratBd in this present ^ecjfioation, with reference to alirnimium reduction or 
smelting. 

Modem aluminium production plant$ consume buge amounts of electricity. 
10 Virtually all of them operate by reducing alumina in electrolysis cells or, as they 
are called, pots. In practise a commercial aluminium smelting plant will consist of 
several hundred such pots and wUl operate on ^ continuous production ha$i9» 

There are two remarkable features of this process. First, it has remained virtually 
unchanged for over a centniy since it was first successfully developed (and indeed 
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It 1$ Still universally knoTvn as the Hall-Heroolt porocess after the two soieutifitB 
who furst independently discovered it). Second, the amount pf energy oonsumed 
by the process is quite staggering. 



It ha.$ been esdmated <hat the modern-day production of aluminiim) consuraes 
5 about two per cent of all electricity generated worldwide (!) and yet much of thi^i 
enetjgy is absorbed in overcoming resistive losses in the poorly conductive highly 
resistive electrolyte layer of ea^h individual smelting cell. The primary electrical 
dxiving ounrent can be of low voltage but must be of relatively enotmous 
ampEsrage in order for the process to work, given these drawbacks, and it jfollows 
10 that any modification which enables that current, the electrolyte thickness^ or 
both, to be reduced at all would indeed produce reductions in energy consumption 
which could truly be described as significanc in relation to those needed without 
tihe modificatiDn today. 

Efforts have been made, naturally, to overcome this problexn but the main limiting 
IS &ctor is that, if the electrolyte thickness is reduced beyond a certain critical level, 
insfsbilities begin to occur at the interface bet«reen the liquid electrolyte and the 
liquid aJuminium, These instabilities, which manifest ftemselvaa as a sloshing of 
the liquids within tiie cell, have been the wtgect of intensive research for some 20 
years or more. In effect, these are interfacial gravity waves, modified by the 
20 external magnetic fields which pervade the cell and when a certain stahility 
threshold is exceeded, these waves can grow by absorbing energy floom the 
ambient electric and nKignetic £elds. 



The good news is th^t the ^ave period is tnea$uTed in minutes and its growth rate 
in houfs, and so the problem ought to be susceptible to some controlled solution, 
25 The real problem is that once such a wave takes hold, it can dismpt the 
electrolysis to such an extent that the cell must be withdrawn £rom operation. In 
an entreme case, it could destroy the entire celL 
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Pf€fyiDu9ly proposed meana for trying to eliminate ihese instabilities include; 

■ Placipg baffles in the aliuYiioiuQi lo break up Q\q long-wavelmgCh xvaves 
whibt relying on fidctioii to dissipate the ^bort-wavelength coirjponent*. 

" Have a algping caOiDde block so that Ibe aluminium continually drains 
^ away. 

-. " 

m Destrgy the standing wbvm by placing hydraulic energy absorber* at the 
edges of die celL 

» Tilt the anode in hamiony wifli the wave so that the electrolyte layer 
remains almost uniform and thus one eliminates the perturbation in 
current 



The fir$t of these prior proposals remains simplistically attractive but both it and 
the fiecorui one are linjjted by the need to find, in practical environments, a 
material wWoh survives the chemically aggressive enviTonment in a $melting cell 
The second option has another difficulty in thqt thin aluminium layers will not 
properly wet the csithode and this cannot easily or cheaply be overcome. Whilst 
the third option i$ self-e3q3lanatoiy, the most recent research has concentrated on 
the final one but as far as is known, no practical embodiment has yet emerged. 

In fiummaTy, despite the length of time the prgbtem. has been around, and the 
importance of modem aluminium production to the progress of industrialised 
society as a whole in an era when* paradoxically, conservation of energy is 
becoming more urgent than ever, instabiHty of aluminium reduction cells Temaina 
die central ^nd unsolved problem id the industry at large. 
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Th6 Inventiv e Concept 

The applicants axe proposing a inodifioation of existing cmrent-drivean liquid 
metal electrolyte systems (of whioli en alflitiimum reduction cell is the obvioiis 
but not litniting example) which starts fiom a point quite dififcii^t fiom any of 
5 fl)0se outlhied above - but which could, we believep be used hi any appropriate 
oombinatiqn with some, all, or my of tlie prior proposals outHaied above. 

In essence, we impose on sucli a syfltem an additional, external, magnetic field 
whose design and operating parameters are so chosen as to enable the electrolyte 
thickness to be reduced significantly in relation to those needed withoiit the 
10 modification. By doing this, we address the very source of the instability, which 

happens due to the interaction of the cwrenls induced by Ae interface motion with 

the external magnetic field. 

Based on our uiKierstainding of the fundamescrtal mecbanism governing the 
instability, we believe it to be possible thai, with appropriately designed coils, a 
15 ring current arouxid the cell inducing an automatfaig magnetic field will stabUise 
die cell to an appreciable if not total extent. 

Thus, rather than trying to understand Mly aU the processes happening inside the 
cell we efifectively suppress the fluctuations by imposing a suitably powerful aaid 
time-dependent magnetic field around it A modem aluminium (or any other 

20 metal) reduction cell is a complex; and highly optimised device. There ftte a 
multitude of supple phyalcal and ohennical processes occurring wiihin such a cell 
and many of fliem will inevitably interact. A sanall change in any one parameter 
could well have quite unexpected consequences and these may or may not be 
eiflier inter-related wr predictable at all. The si^e alone of the pritnary driving 

25 currral makes it almost impractical to try to make relatively small adjustments to 
any one aspect of cell operation - for example, the ''anode-tilt" approach 
exemplified in the fourth prior proposal outlined previously - with any real 
guarantee of even partial success. 
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We by (Contrast takr an overview and we l»eliev^ that, with appropriate design and 
vrith the ability to adjust ihe contcoUing parametm (i.e. field amplitude^ 
frequency, and constant backgrdund) we axe mote likely to achieve real 
suppression of ixxstabifity in a practical format within fhe foreseeable fbtore. 

5 Brief Descriptioii of the Drawings accoTYipanvrng this text 
The accompanying drawings: 

Figure 1 shows diagrammatically an eTiample of a modem Hall-Heroult cell] 

Figure 2 presents the electrolysis zone of the cell schematically; 

Figure 3 shows graphically the existing and the modified instability levels 
10 occurring in respectively an luunodified and a modified cell in accordance with 
the invention; and 

Figure 4 9hows, again in schematic form, one possible set-up embodying the 
invention. 

Description of the Proposal in Outline 

IS An example of a modem Hall-Hdroult cell is shown in Figure 1 . 

The current used in the electrolysis enters fhe electrolyte zone vertically through 
the iinode and is collected by the cathode at the bottom* The thickness of both 
layers, el^trolyte and aluminium^ Is veiy small in comparison with the horizontal 
dimensions. Schematically, the electrolysis zone can be presented a& shown in 
20 Figure 2. 



The major part of the consumed energy is wasted in the iorxn of resistive losses In 
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the poorly conductive electrolyte, layer 1 in Figtune 2, But, when the depth of 
electrdlytQ is reduced below soine critical level or the cuireat exceeds soms 
critical value, the cell b^ccxmes un&tabla In other words, the waves at the mter&ce 
between the two liquids start growing. The increment of the resulting instability is 
S ^hown in Figure 3 (curve 1). 
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We propose to apply an external, altemating magnetic field. We believe that the 
currents induced by this field can be so regulated aa to suppre8$ instability. The 
sketch of a possible set-up Is shown iu Figure 4. A ring current around the cell 
induces an alternating magnetic field. The result of simulations for the same cell 
10 par^etexs in this case i$ presented by curve 2 In Figure 3. One can see Oiat the 
instability disappears. 

nie set-up in Figure 4 and the reault$ of calculations in Figure 3 have been 
pr^ent for a circular geometry, which is the most unstable case. We believe, 
however, tiiat the meihod will work for any geometry of the cell. 

IS The current scope of the invention is designed in the clahns which now follow. 
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CLAIMS 



5 



10 



1 . Modifymg a ciinrent-driv«n liquid metal eJectroIyte system by imposing on - 
the system an additional, externa], time-varying and/or alt^atittg magaetic field 
whose design and operatiiig parameters arc so chosen a? to countsiaot any 
it)!&tabi1jties generated at the liqiiid-liquid interface withdn the Sjnstena and thus 
allow the electrolyte thickness to be Tedvwed signtficaiitly in relation to that 
needed without modification. 

2. The inveutLoiL of Claim 1 when app]ied to or embodied in an aluminium 
reduction celL 

3. The propose aubstantlally as described hetein with reference to and as 
illustrated in any ^propriate combination of the aecompanying drawings. 

4. The invention of any preceding claim in combination with some, all or any 
of tiie prior prCFpqsals outlined herein for reducing or eliminating instabilities in a 
Hquid metal electrolyte ay$ten>, in particular an aluminiimi reduction cell. 
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